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SUMMARY OF INVERTEBRATE DATA FROM THREE MERES SAMPLED DURING 
1997 AS PART OF THE STILLWATERS MONITORING PROGRAMME
Oakmere
A student project was carried out by Laura Broomfield, Keele University. A copy is held for 
reference by the ecology department at Sale. Below is a brief summary of the conclusions drawn 
from the invertebrate fauna collected.
The distribution of species collected appeared to respond to ecological factors rather than water 
quality, in turn affected by alterations in water level which has exposed more of the marginal 
areas.
The fauna was dominated by flatworms, Cased caddis (Leptoceridae), Beetle larvae (oulimnius 
troglodytes) and Damselfly larvae (Coenagrion puella - partly responsible for SSSI designation 
of Oakmere). The caddis appear to have increasd in numbers compared with 1996 and have 
exploited the submerged stone habitat available. Mayflies (Leptophlebia vespertina) had declined 
in numbers and this may be due to predation by the dominant beetle larvae which have exploited 
the now shallower stony areas.
As water levels have dropped, a lack of marginal vegetation may have contributed to the lack of 
species found in the past such as Corixids (Lesser water boatman) which rely on sub-emergent 
vegetation in the marginal zone. It appeared that fluctuations in water level in Oakmere are 
affecting community structure around the lake margins. The rapid fall in water level has left the 
marginal vegetation stranded. This has led to increased colonisation of the stone region.
Overall the fauna present indicated a lake of high water quality though species. Greatest species 
diversity was recorded in the unstable marginal zone .
Betley Mere
The dominant invertebrates included Water hoglouse (Asellus aquaticus) , water boatmen 
(Callicorixa praeusta and Sigara falleni), Freshwater shrimp (Crangonyx pseudogracillis), and 
the Mayfly (Cloen dipterium).
The fauna is indicative of a relatively stable eutrophic environment, dominated by a few species 
tolerant of organic pollution, and reflected a base rich, relatively eutrophic environment.
A student project was carried out in 1998 to evaluate water quality in Marbury Mere using 
benthic macroinvertebrates. Chemical water quality influences and habitat variation where also 
looked into.
Differences between the vegetated and un-vegetated sites were found with respect to species 
diversity and numbers present. Generally it can be said that more species were found in the 
vegetated site with a dominance of Asellus aquaticus and Cloen dipterum. The unvegetated site 
had few species present but greater numbers of individuals found. Again the samples from the 
un-vegetated site were dominated by A. aquaticus, the some Crangonyx pseudogracilis and 
Caenis horaria. The chemical results showed there was no significant link between species 
richness and population density and the chemical characteristics.
There report highlights the limitations of the survey carried out, suggesting long term sampling 
and assessment is the only way to get a full picture.
Marbury Mere
1. INTRODUCTION
In May 1997, a Stillwaters (Sub-Group) meeting was held to discuss the way forward in 
stillwaters monitoring. It decided upon the establishment of a three year rolling programme, in 
which three stillwaters would be monitored three times a year, every third year. The stillwaters 
where chosen due to water quality (i.e potential polluted / sensitive waters), fisheries and 
ecological interests.
The Still waters chosen for the first year were Oak Mere, Betley Mere and Marbury Big Mere. 
Specific reasons for monitoring of each stillwater was:
OAK MERE:
Conservation Status 
Drought issue - water level falling 
Appearance of algal blooms in recent years 
Possible impact of mineral extraction 
An oligotrophic still water
BETLEY MERE:
Representative o f the marginal group of meres
Monitoring recommended for Nitrate Directive. Felt to be threatened state 
Problems of point source pollution 
Heavily eutrophicated
High phytoplankton crops threatening submerged plant population 
Intense fish predation (Angling club)
MARBURY BIG MERE:
Monitoring recommended for Nitrate Directive 
Interesting phytoplankton communities
The surveys were aimed to produced a comprehensive study of the still water through monitoring 
a variety of parameters. Algal, zooplankton and water chemical samples were taken three times 
a year, (April, July and September). In addition, fisheries surveys were taken in July and marginal 
invertebrate surveys taken in September.
2. PHYSICO-CHEMICAL CHARACTERISTICS AND WATER 
CHEMISTRY
Marine and Special Projects, Warrington
This report documents the water chemical samples taken by Marine and Special Projects, on the 
dates shown below. Sample points were chosen to cover the deepest parts o f the stillwater whilst 
at the same time giving good spatial coverage. At the sampling sites bottom and surface water 
samples were taken to determine concentrations of nutrients. A multi-parameter probe measured 
temperature, pH, specific conductivity and dissolved oxygen (% saturation) through the water 
column at each site. The sampling methodology employed was largely identical to all previous 
surveys and is detailed in report MSP-CME-95-01.
As part of the overall growing interest in Oak Mere, a multi -parameter probe has been deployed 
in Oak Mere since Summer '97, giving continuous monitoring of dissolved oxygen, temperature, 
specific conductivity, pH and redox potential. The instrument is deployed in the surface waters 
o f the deepest part o f the lake (5 m depth).
SURVEY DATES
Oak Mere 29-05-97 12-08-97 09-10-97
Betley Mere 28-05-97 26-08-97 10-10-97
Marbury Big Mere 28-05-97 12-08-97 10-10-97
The aim o f the yearly report is not to repeat the more detailed accounts given in the summary 
results reports (CME-97-03 and CME-97-04), but to provide statistical results and broadly 
outline the water quality o f each still water.
Graph 1 and 2 illustrates the average parameter values from the water column profiles and 
nutrient concentrations per survey. Tables 1 and 2 list the mean data. Appendix A shows the 
results of the continuous monitoring in Oak Mere. Appendix B lists the raw data provided from the 
summary reports (CME-97-03/4).
OAKMERE
Neither the surface nor the bottom waters showed any systematic differences between sampling 
locations. There was little seasonal variation with physico-chemical parameter?, but some seasonal 
variation was noted for nutrients.
Temperature and dissolved oxygen readings at the deepest point in May and August showed 
signs o f weak stratification. Surface depletion o f nutrients through algal consumption is most 
pronounced in August.
General water quality can be summarised as follows:
- dissolved oxygen levels remained high (a minimum of 35% was recorded in the deepest bottom 
waters in May) with no signs of supersaturation.
- pH levels were low throughout the year, at levels characteristic of this mere (mean 4.5).
- the expected seasonal pattern of phosphorus is confused by an apparent increase through to late 
summer; a high o f 85 ng/1 recorded in October.
Table 1. Average profile readings in surface and bottom waters.
Oak Mere
Parameter Site
29/05/97
Surface Bottom
12/08/97
Surface Bottom
09/10/97
Surface Bottom
Tem p 1 15.9 11.5 22.1 18 13.2 13.2
°C 2 20.5 19.6 22.7 22.5 13!6 13.6
3 19.1 15.5 23 22.6 13.4 13.3
pH 1 4.49 4.58 4.62 4.49 4.7 4.68
units 2 4.47 4.48 4.69 4.71 4.67 4.67
3 4.41 4.43 4.63 4.65 4.68 4.66
Spec, cond 1 114.9 114 114.1 115.1 117.9 118.1
pS/cm 2 116.2 116.3 113.5 114.3 118.2 118.1
3 115.6 115 113.3 113.5 119.1 119.1
DO 1 72 39.5 94.6 61.7 95 93.3
%  sat 2 86.1 83.8 93.5 90.5 95.5 94.6
3 86.5 80 94.4 89.9 95.4 94.5
Betley Mere
Parameter Site
28/05/97
Surface Bottom
26/08/97
Surface Bottom
10/10/97
Surface Bottom
Tem p 1 17.8 16.7 19.3 18:9 13.1 13
°C 2 18.1 17.2 19.4 19.3 13.2 13.1
3 17.2 16.7 19.3 19.3 13.3 13.3
pH 1 8.31 8.21 7.9 7.9 7.97 7.96
units 2 8.37 8.42 7.9 7.9 8.1 8.1
3 8.2 8.36 7.8 7.8 8.36 8.36
Spec, cond 1 614.6 614.6 631 635 715.1 717.2
pS/cm 2 597.9 613.6 631 632 713.1 713.1
3 587.8 609.4 647 647 709 709
DO 1 97.3 91.3 78.8 77.1 74.9 73.8
% s a t 2 106.9 108 69.8 68.9 80.8 75.7
3 108.1 91.1 59.4 59.2 101.5 101.5
Marbury Big Mere
Parameter
28/05/97
Site Surface Bottom
12/08/97
Surface Bottom
10/10/97
Surface Bottom
Tem p 1 16.74 12.9 20.7 13.6 13.8 13.6
°C 2 16.9 12.4 21.3 13.2 13.9 13.7
3 16.9 11.5 21.9 13.8 13.9 13.9
pH 1 9.5 8.5 9.39 7.37 7.45 7.41
units 2 9.5 8.5 9.45 7.29 7.44 7.35
3 9.5 8.1 9.51 7.5 7.46 7.43
Spec, cond 1 337.1 400.3 398.3 612.4 512.5 514.9
pS/cm 2 337.7 401.7 404.5 656.3 524.2 528.3
3 336 414.7 401.6 612.7 519.8 519.8
DO 1 167.1 28.2 136.1 2 44.3 33.6
%  sat 2 178.8 20.7 139.7 2 35.1 28.3
3 180.8 1,7 153.8 1.9 39.5 36.9
Ta b le  2. Average nutrient readings in surface and bottom  w aters. 
Oak Mere__________________________________________________________  ____ .
Parameter
29/05/97
Surface Bottom
12/08/97
Surface Bottom
09/10/97
Surface Bottom
Secchi (m) 1.35 1-1. 0.86
Susp.Sol.( 2.33 2.33 5.3
Chlorophyl 4.23 ' 14.6 17.5
Phaeophyti 2.78 4.47 8.7
Nitrate (|ig/ 77.78 80.67 3.1 20.8 (241.3) (136.3)
Nitrite (pg/l 0.28 0.37 0.89 0.41 0.33 0.33
Ammonia ( 58.13 112.4 19.7 69.4 42.9 30.6
Tot. Phos ( 44.67 57.33 69 53 85.6 81.6
ortho-phos 27.17 36.77 45.4 .61.9 71.7 65.7
Silicate (pg 85.9 149.3 61.2 72.7
Betley Mere
Parameter
28/05/97
Surface Bottom
26/08/97
Surface Bottom
10/10/97
Surface Bottom
Secchi (m) 0.8 0.7 1
Susp.Sol.( 6 7.6 3.6
Chlorophyl 54.57 40.9 13.2
Phaeophyti 0.27 15.6 11.9
Nitrate (pg/ 845 882 90.8 95.5 177.3 174.5
Nitrite (pg/I 51.57 51.07 20.2 20.5 17.2 17.6
Ammonia ( 25.47 37.83 110.3 112.7 91.2 89.2
Tot. Phos ( 480.33 481.67 1536^6 1520 1383 1380
ortho-phos 373.33 365 1480 1480 1333.3 1297
Silicate (pg 7515.67 7262.33 11296 11280 5250 5225
(n) Values must be treated with caution.
Marbury BI 1 (D
28/05/97 12/08/97 10/10/97
Parameters Surface Bottom Surface Bottom Surface Bottom
Secchi (m) 1.2 0.3 0.5
Susp.Sol.( 5.33 36.6 9.6
Chlorophyl 57.03 88.2 66.5
Phaeophyti 1.01 27.6 44.4
Nitrate (pg/ 1294.27 2018.67 3.92 43.5 181 190
Nitrite (pg/I 53.53 81.1 1.5 12.8 28.7 30.1
Ammonia ( 87.77 664.67 30.5 4296.6 1113.3 1148.6
Tot. Phos ( 74 310133 85.6 853.6 422 429
ortho-phos 15.1 214.67 74.7 910.3 397.3 397.3
Silicate (pg 1960.67 2920 3405 3470 5470 5510
- levels o f nitrate were particularly low by August, consistent with plankton growth through the 
summer. Levels of ammonia decreased through the year, indicative of the . classic seasonal pattern.
- the concentrations of neither N nor P indicates a system that can not be regarded as nutrient 
limited (total phosphorus, minimum reading 65 ng/1), yet the maximum recorded chlorophyll 
levels (18 (jg/1) indicate a system that can be considered mesotrophic. This may be due to limited 
light penetration.
- as it was, secchi disc readings were low (mean 1.1 m). However, chlorophyll abundance and 
suspended solids were relatively low, and can not account for the low secchi readings.
Contiiiups Monitoring on Oak Mere
Appendix A graphs show the surface physico-chemical parameters of Oakmere from July to date 
and confirms that Oakmere water quality is in good condition. Dissolved oxygen levels never fell 
below 40 % sat. although there was supersaturation during August and again during February and 
May. It is quite unusual to have supersaturation in winter months, and yet can not be explained 
by instrument malfunction or low performance. Redox potential levels confirmed the water was 
well oxygenated. Specific conductivity and pH remained steady through the period, pH averaging 
4.5 as noted in the surveys. Temperature fell from 25 °C in July to 2 °C in February,
BETLEY MERE
Due to the shallowness of the mere (ave: 1 m depth), neither the surface nor the bottom waters 
showed any systematic differences between sampling locations. There was no evidence of 
stratification. There was little seasonal variation with physico-chemical parameters, but seasonal 
variation was noted for nutrients. Since secchi depth was greater than water depth, so plankton 
productivity could occur throughout the water column.
General water quality can be summarised as follows: .
- dissolved oxygen levels remained high (> 59 % even in the bottom waters), with some 
supersaturation (> 107 %) occurring in May.
- specific conductivity (measure of ion content) was noticeably high (600 - 700 |iiS/cm) which 
could cause problems for some aquatic species susceptible to high levels of dissolved salts.
- phosphorus, nitrogen and silica were all found at high concentrations and the system can be 
considered hyper-nutrified.
- as with Oakmere, the seasonal pattern of phosphorus is confused with an apparent increase of 
total phosphorus levels in mid summer. As nitrate and nitrite levels decrease during mid summer, 
ammonia levels increase, indicative of the natural cycling of plankton.
- with this abundance of nutrients and good light penetration, it is unsurprising that high 
chlorophyll levels were found during the summer; May (mean 55 jj.g/1) and August (mean 41 
|ig/l). These levels would indicate a system that could be considered eutrophic.
MARBURY BIG MERE
W ater column profiles showed vertical structure throughout the year which was particularly 
marked in mid summer, and which also showed variation of readings through the year. Nutrient 
levels confirmed the vertical gradient and also exhibited a seasonal pattern.
During May and August stratification was strongly established. In October, this was beginning 
to breakdown (known as overturn) with only dissolved oxygen showing variation with depth.
General water quality can be summarised as follows:
-during May and August, the bottom waters were virtually anoxic but with supersaturation in the 
surface waters (in May, surface waters averaged 175 %).
- pH was particularly high during the summer, surface average 9.5, indicative o f high productivity 
and imposing potent stress for higher forms of aquatic life.
- the concentrations of phosphorus, nitrogen and silica in October were all elevated and the 
system is hyper-nutrified all year.
- in the surface waters, levels of nitrogen decreased during mid summer due to consumption by 
algae and lack of replenishment from the lower waters due to stratification. Ammonia was 
particularly high in bottom waters, imposing additional stress in the anoxic conditions.
- phosphorus was at its lowest in May and appeared to increase mid summer, which again 
confuses the classic seasonal pattern.
- with this abundance of nutrients in the surface waters it is unsurprising that high chlorophyll 
levels were found, even until late summer; August (mean 88 (μg/1) and October (mean 66 μg/1). 
These levels would indicate a system that is hyper-eutrophic.
- Secchi disc readings were exceptionally low (August, < 0.3 m), again indicating a hyper- 
eutrophic system. Suspended solids as well as chlorophyll abundance can account for the low 
readings.
3. ZOOPLANKTON AND ALGAL SURVEYS 
Ecology, South Area
Appendix C lists the raw data. Blue-green algae was present in both Oakmere and Marbury Mere. 
The blue-green species in Oakmere was difficult to identify as the algae was present in clumps 
approximately 100 |am in diameter, although it is believed to be Coelosphaerium sp. as a result 
o f the colonies. However, the individual cells closely resemble Gomophosphaeria sp. as the two 
different species can be difficult to distinguish after preservation.
4. MARGINAL INVERTEBRATE SURVEYS 
Ecology, South Area
The raw data is listed in Appendix D.
OAKMERE
A student project was carried out by Laura Broomfield, Keele University. A copy is held for 
reference by the ecology department at Sale. Below is a brief summary o f the conclusions drawn 
from the invertebrate fauna collected.
The distribution of species collected appeared to respond to ecological factors rather than water 
quality, in turn affected by alterations in water level which has exposed more o f the marginal 
areas.
The fauna was dominated by flatworms, Cased caddis (Leptoceridae), Beetle larvae (oulimnius 
troglodytes) and Damselfly larvae (Coenagrion puella - partly responsible for SSSI designation 
o f Oakmere). The caddis appear to have increased in numbers compared with 1996 and have 
exploited the submerged stone habitat available. Mayflies (Leptophlebia vespertina) had declined 
in numbers and this may be due to predation by the dominant beetle larvae which have exploited 
the now shallower stony areas.
As water levels have dropped, a lack o f marginal vegetation may have contributed to the lack of 
species found in the past such as Corixids (Lesser water boatman) which rely on sub-emergent 
vegetation in the marginal zone. It appeared that fluctuations in water level in Oakmere are 
affecting community structure around the lake margins. The rapid fall in water level has left the 
marginal vegetation stranded. This has led to increased colonisation of the stone region.
Overall the fauna present indicated a lake of high water quality though species. Greatest species 
diversity was recorded in the unstable marginal zone .
BETLEY MERE
The dominant invertebrates included Water hoglouse (Asellus aquaticus) , water boatmen 
(Callicorixa praeusta and Sigara falleni), Freshwater shrimp (Crangonyx pseudogracillis), and the 
Mayfly (Cloen dipterium).
The fauna is indicative of a relatively stable eutrophic environment, dominated by a few species 
tolerant o f organic pollution, and reflected a base rich, relatively eutrophic environm ent.
MARBURY BIG MERE
A student project was carried out in 1998 to evaluate water quality in Marbury Mere using 
benthic macroinvertebrates. Chemical water quality influences and habitat variation where also 
looked into.
Differences between the vegetated and un-vegetated sites were found with respect to species 
diversity and numbers present. Generally it can be said that more species were found in the 
vegetated site with a dominance of Asellus aquaticus and Cloen dipterum. The unvegetated site 
had few species present but greater numbers of individuals found. Again the samples from the un­
vegetated site were dominated by A.aquaticus, the some Crangonyx pseudogracillis and Caenis 
horaria. The chemical results showed there was no significant link between species richness and 
population density and the chemical characteristics.
There report highlights the limitations o f the survey carried out, suggesting long term sampling 
and assessment is the only way to get a full picture.
5. FISHERIES SURVEY
Fisheries, RFH, Warrington  n   Marbury Big Mere 
Still water fisheries hydro acoustic survey 04.09.97
This report summarises the findings from a mobile Hydro acoustic survey of Marbury Big Mere 
between 21:31 and 23:06 on 04.09.97. Overall density was found to be 7.82 and 8.05 
fish/1000m3 from 2 horizontal sounding surveys. A minimum estimated stock size o f 3219685 
fish above a minimum size threshold of -50dB target strength(TS) (31.63 fish m2) was made.
Methods
A Simrad EY500 portable echosounder, using 
V5.0 software, controlled by a Toshiba 
1950CT p.c. was employed using a 4x10° 
120KHz transducer from a 3m flat bottom 
punt. The transducer was mounted from an 
angle adjustable frame on the port side of the 
boat. The survey was conducted at speeds 
between 4 and 5kph"', the boat being powered 
by a 4HP 2 stroke outboard. Data was 
captured and stored at 1Mb intervals. Post­
processing of data was carried out using the 
Simrad EP500 v5.0 echoprocessing software. 
Volume density was the output used to 
describe results. The survey plan was to 
conduct one vertical and two horizontal 
surveys, in opposite directions, of the 5 
transects shown in the map below. The length 
of the 5 consecutive transects constituted one 
complete survey. This satisfied a minimum 
length criterion for monitoring fish 
populations in still waters, where L(min)=3 x 
VArea, As described by Aglen (1989).
Fig.1 Survey plan of Marbury Big Mere
Lake area=10.18ha, L(min)=0.957Km, Survey Length=1.097Km.
Table 1: Survey Way points
Way point No. 1 2 3 4 5 6
NGR (SJ) 55905
45233
56051
45384
55869
45377
56017
45562
55822 
45602 ■
55863
45680
Jon Hillary, Fisheries, Environm ent Agency N orthw est - W arrington
Survey conditions
At the time o f survey weather conditions were windy, force 2-3, clear sky. The moon phase was 
2 days after the new moon. Air and water temperature, recorded at the start of the survey, were 
14.2°C and 18.6°C respectively. Weather conditions were removed from the ideal for hydro 
acoustic surveying, that being still air. The site was otherwise well suited in terms o f depth and 
effective range of the transducer.
Results
Table 2: Density Estimates
Transect Files created 
(File directory\month date time.extension)
Min density estimate for single 
targets (Fish/1000m3)
6-5 2157 14.89
5-4 2159 5.89
4-3 2229 8.16
3-2 2234 11.73
2-1 2238 8.68
Merge MJOSA2 7.82
1-2 2243 6.86
2-3 2248 10.61
3-4 2251 9.02
4-5 2254 10.1
5-6 2302 5.03
2306 3.80
Merge MJOSA3 8.05
Average depth across the transects taken was was estimated at 4.04m.(See Appendix 1 for the 
vertical Echogram) With the surface area of the mere being 10.18ha, this gives an estimated 
volume of 411724.4 m3 and a predicted minimum density estimate, for single targets, at 3219685 
fish for the whole system, or 31.63 fish m2.
Jon Hillary, Fisheries, Environm ent Agency N orthw est - W arrington
Size class distribution
The following graphs present TS distributions for the 2 horizontal surveys. A relationship 
between target strength and fish length class is listed in Appendix 2.
TS Midpoint (3dB limits)
TS Midpoint (3dB limits)
Fig.2 TS distributions from 2 horizontal surveys
The distribution in size classes seen is typical for a healthy fish population. Individual classes are 
well represented up to a maximum TS of -26dB, which equates to Ca. 38cm from Hughes (1995) 
algorhythm.
Jon Hillary, Fisheries, Environm ent Agency N orthw est - W arrington
Discussion
When surveying in shallow waters, horizontal side scanning samples a larger volume o f water 
than vertical sounding, avoidance of fish is assumed less and more fish targets are generally 
detected. From the vertical sounding an estimate of mean depth can be made, providing 
information to the suitability o f the site to the technique and the planned survey route.
The most reliable estimates of fish abundance from hydro acoustics in shallow waters are those 
made for single targets. Multiple fish targets occur when there are concentrations of fish and may 
be too close together to be resolved and counted as individuals. This report makes a minimum 
density estimate from single target detection and does not readily take into account multiple 
(shoaling) target fish. A table of comparative estimates, from a number of waters is shown 
below.
Site Time Density of single targets ffish/1000m3')
Scotmans Flash Night 8.67
Marley Tiles Lagoon, Cheshire Night 6.23
Hurlestone Reservoir, Cheshire Night 10.16
Pennington Flash, Lancs Night 12.74
Grimsargh Night 7.89
This survey Night 8.05
Coniston Night 5.30
Ennerdale Night ' 3.70
The results for density in this survey appear similar to other still waters surveyed in North west 
region and as expected greater than the large lakes, such as those shown.
References
Aglen, A. (1989). Reliability of acoustic fish abundance estimates. Dr. Scient. Thesis. Dept, o f  
fisheries biology. University o f Bergen, Norway
Hughes, S N,.Kubecka, J, Duncan, A (1995) Validation of Fish Community Length Structure by 
Simultaneous Horizontal Acoustic Sampling and Electric Fishing in a Lowland River. 
Unpublished
Jon Hillary, Fisheries, Environm ent Agency N orthw est - W arrington
6. PLANNED SURVEYS 1998
The 1998 survey programme consists of oak mere, Tatton Mere and Hatchmere. Betley Mere 
will be surveyed in 1998 to see if the high nutrient results found in 1997 continue.
Additionally, Petty Pool will also be surveyed on behalf of English Nature to assist in their larger 
project, and Scotman's and Pearson's flash will be surveyed for Central Areas as in previous years.
Justification for monitoring Tatton Mere and Hatchmere are:
TATTON MERE:
Representative o f Knutsford group of meres 
Monitoring recommended for Nitrate Directive
HATCHMERE:
Unusual water chemistry 
Nitrogenous pollution suggested 
Wetland and bog communities 
Appearance of blue-greens
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M A R B U R Y  B IG  M E R E
T o t a l  P h o s p h o r u s ,  o r t h o - p h o s p h a t e  a n d  S i l i c a t e
Average values
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BETLEY MERE
Total Phosphorus, ortho-phosphate and Silicate
Average values
Nitrate, Nitrite & Ammonia
Average values
Secchi, Susp. Solids, Chlorophyll & Phaeophytin
Average values
M AY
Location
Marbury Big Mere
Betley Mere
Oak Mere
Depth DO correct DO pH SpCond Tem p
m %  Sat mg/l |js/cm •c
0.1 166.02 15.74 9.47 337.06 16.74
0.4 168.27 15.96 9.46 337.06 16.73
1 167.45 15.89 9.46 338.46 16.66
2 117.71 11.43 9.29 365.73 15.56
3 37.26 3.79 8.56 398.60 13.38
4 19.24 2.01 8.40 402.10 12.43
0.1 177.23 16.09 9.44 337.76 16.95
0.5 180.32 16.38 9.48 337.76 16.93
1 179.68 16.35 9.47 337.76 16.84
1.8 168.83 15.43 9.44 339.16 16.64
3 31.17 3.05 8.64 400.00 13.41
4 25.21 2.52 8.50 401.40 12.49
4.4 16.28 1.64 8.41 402.10 12.34
0.1 177.86 16.05 9.44 335.66 17
0.6 183.74 16.6 9.48 336.36 16.93
1.1 168.45 15.3 9.44 339.16 16.66
2 129.09 11.92 9.31 361.54 15.91
2.9 35.29 3.43 8.64 398.60 13.44
4.2 25.56 2.56 8.48 401.40 12.23
4.8 3.21 0.33 8.33 403.50 11.97
6 2.14 0.22 8.24 406.29 11.84
7.1 1.93 0.19 8.15 413.99 11.59
7.4 1.60 0.17 8.07 415.38 11.54
0.1 97.32 8.96 8.31 614.66 17.84
0.5 96.60 8.92 8.30 615.71 17.67
0.8 91.97 8.67 8.21 614.66 16.71
0.1 106.94 9.45 8.37 597.91 18.09
0.5 109.50 9.82 8.40 614.66 17.37
0.6 108.00 9.72 8.42 613.61 17.2
0.1 110.05 10.06 8.51 610.47 17.89
0.5 108.81 9.96 8.51 610.47 17.8
0.9 95.13 8.88 8.37 610.47 16,83
1 91.09 8.54 8.36 609.42 16.69
2 77.33 6.66 4.49 115.1 17.01
3 66.67 6.01 4.49 114.7 14.78
4 51.18 4.94 4.51 115.1 11.76
5 42.76 4.16 4.55 114.3 11.5
5.6 36.25 3.52 4.61 113.7 11.47
0.1 86.08 6.9 4.47 116.2 20.47
0.6 83.84 6.84 4.48 116.3 19.59
0.3 87.77 7.19 4.39 115.8 19.4
0.6 85.19 7.07 4.43 115.5 18.76
1 80.47 6.8 4.42 115.7 17.86
1.4 80.02 6.81 4.43 115 17.55
AUGUST
Location Site Depth Temp PH sp.cond SpCond DO
meters degC units X10 uS/cm %Sat
O A K  M ERE
i
0.2 22.93 4.65 11.45 114.47 95.62
1 22.79 4.62 11.46 114.57 94.56
2 20.48 4.60 11.33 113.32 93.49
3 18.54 4.54 11.29 112.94 69.58
4~ 17.84 4.48 11.85 118.51 - 60.41
4.6 17.73 4.45 11.39 113.90 55.28
2 0.1 22.7 4.69 11.35 113.51 93.54
0.2 22.52 4.71 11.43 114.28 90.48
3 0.1 23.11 4.62 11.31 113.13 96.54
0.5 22.79 4.64 11.34 113.42 92.22
1 22.67 4.64 11.35 113.51 90.70
1.3 22.59 4.66 11.35 113.51 89.19
M A RBURY BIO M ERE
1 0.3 22.04 9.82 38.12 381.22 191.83
1 21.22 9.39 39.60 396.00 135.67
2 18.88 8.96 41.77 417.67 80.79
3 17.22 8.05 48.76 487.61 4.78
4 14.35 7.53 59.40 594.00 2.12
5 13.43 7.34 61.27 612.72 1.91
5.2 13.1 7.23 63.04 630.45 2.02
2
0.3 23.4 9.85 39.11 391.07 189.34
1 21.67 9.57 39.50 395.01 140.99
2 18.88 8.93 42.75 427.52 88.79
3 17.57 8.11 47.58 475.79 8.68
4 14.78 7.65 59.40 594.00 2.31
5 13.37 7.38 62.16 621.58 2.09
6 12.36 7.08 69.74 697.43 1.76
. 6.8 12.15 7.03 71.22 712.21 1.98
3 0.3 24.84 9.87 38.91 389.10 207.10
1 22.19 9.85 38.42 384.18 187.77
2 18.59 8.81 42.85 428.51 66.59
3 17.32 8.17 48.07 480.72 11.79
4 14.45 7.65 59.50 594.99 2.07
4.8 13.14 7.34 63.04 630.45 1.86
B E TL E Y  M ERE
1 0.1 19.26 7.88 63.10 631 78.78
0.5 18.9 7.9 63.50 . 635 77.09
2
0.1 19.36 7.91 63.10 631 69.82
3
0.4 19.34 7.9 63.20 632 68.86
0.1 19.33 7.78 64.70 647 59.41
0.3 19.29 7.76 64.70 647 59.21
O C TO B E R  
O AK  M ERE
1 0.1 13.23 4.72 11.79 117.90 95.21
2 13.23 4.68 11.79 117.90 94.62
3 13.21 4.67 11.80 118.00 93.84
4.9 13.19 4.68 11.81 118.10 92.86
2 0.1 13.57 4.67 11.82 118.19 95.50
0.2 13.56 4.67 11.81 118.10 94.62
3 0.1 13.37 4.68 11.92 119.17 95.41
0.8 13.29 4.66 11,92 119.17 94.53
M A RBURY BIQ M ERE
1 0.1 13.97 7.45 51.20 511.96 46.67
0.5 13.87 7.45 51.29 512.95 44.25
1 13.79 7.45 51.29 512.95 41.93
2 13.75 7.45 51.39 513.94 40.77
3 13.7 7.43 51.39 513.94 39.13
4 13.67 7.42 51.49 514.93 34.78
4.5 13.64 7.40 51.49 514.93 32.46
2
0.1 13.97 7.45 53.47 534.73 36.90
0.5 13.69 7.42 51.89 518.89 34.86
1 13.85 7.42 51.89 518.89 33.50
2 13.8 7.42 51.79 517.90 35.25
3 13.77 7.41 51.89 518.89 34.76
4 13.75 7.40 52.09 520.87 34.18
5 13.75 7.39 52.19 521.86 33.50
5.4 13.72 7.30 53.47* 534.73 23.17
3 0.1 13.87 7.47 51.99 519.88 40.31
0.5 13.85 7.46 51.99 519.88 39.92
1 13.87 7.45 51.99 519.88 38.36
2 13.87 7.44 51.99 519.88 37.97
3 13.87 7.44 51.99 519.88 37.00
4 13.87 7.43 51.99 519.88 37.29
5 13.87 7.43 51.99 519.88 36.61
6 13.89 7.43 51.99 519.88 37.29
6.5 13.89 7.43 51.99 519.88 36.90
B E T L E Y  M ERE
1 0.1 13.14 7.97 71.51 715.14 74.86
0.4 13.05 7.96 71.72 717.20 73.80
2 0.1 13.21 8.09 71.31 713.08 80.79
0.6 13.1 8.10 71.31 713.08 75.74
3 0.1 13.33 8.36 70.90 708.95 101.49
0.6 13.31 8.36 70.90 708.95 101.49
Appendix A: Raw data
Name Date Tim e Location Secchi
m
Sus.SoJ (ash) 
mg n
Susp.Sol (tot) 
mg/l
Chlorophyll
jjg/i
B E TLE Y  M ERE 28/05/97 13:08 TO P  1 0.8 6.667 LoD 4 52.7
B E TLE Y  M ERE 28/05/97 13:30 TO P  2 0.8 6.667 LoD 4 49.9
B E TL E Y  MERE 
B E TL E Y  M ERE 
B E TLE Y  M ERE 
B E TL E Y  M ERE
28/05/97
28/05/97
28/05/97
28/05/97
13:41
13:09
13:31
13:42
T O P  3 
BO TTO M  1 
BO TTO M  2 
BO TTO M  3
0.8 6.667 LoD 10 61.1
MARBURY BIG MERE28/05/97 10:07 TO P  1 1.2 6.667 LoD 4 64.1
M ARBURY BIG MERE28/05/97 10:35 TO P  2 1.2 6.667 LoD 6 56.9
MARBURY BIG 
M ARBURY BIG 
MARBURY BIG 
MARBURY BIG
MERE28/05/97 
MERE28/05/97 
MERE28/05/97 
M E R E 28/05/97
10:51
10:08
10:36
10:52
TO P  3 
BO TTO M  1 
BO TTO M  2 
BO TTO M  3
1.2 6.667 LoD 6 50.1
OAK M ERE 29/05/97 11:07 TO P  1 6.667 LoD 2 LoD 3.3
O AK  M ERE 29/05/97 11:29 TO P  2 1 6.667 LoD 3 5.27
O AK  M ERE 
OAK M E R E 
O AK  M ERE 
O AK  M ERE
29/05/97
29/05/97
29/05/97
29/05/97
11:47
11:08
11:30
11:48
TO P  3 
BO TTO M  1 
BO TTO M  2 
BOTTOM  3
1.7 6.667 LoD 2 LoD 4.11
OAK M ERE 12-Aug-97 09:30 1 1.3 6.67 LoD 2 LoD 15.7
OAK M ERE 12-Aug-97 10:10 2 0.6 6.667 LoD 3 15.8
OAK M ERE 
OAK M ERE 
O AK  M ERE 
OAK M ERE
12-Aug-97 
12-Aug-97 
12-Aug-97 
12-Aug-97
10:30
09:31
10:11
10:31
3
BO TTO M  1 
BOTTOM  2 
BO TTO M  3
1.5 6.667 LoD 2 LoD 12.5
M ARBURY BIG MERE12-Aug-97 12:10 TO P  1 0.3 6.667 LoD 35 90.2
MARBURY BIG MERE12-Aug-97 12:50 TO P  2 0.3 6.667 LoD 35 96.8
MARBURY BIG 
M ARBURY BIG 
M ARBURY BIG 
MARBURY BIG
MERE12-Aug-97
MERE12-Aug-97
MERE12-Aug-97
MERE12-Aug-97
13:20
12:11
12:51
13:21
T O P  3 
BO TTO M  1 
BOTTOM  2 
BO TTO M  3
0.3 6.667 LoD 40 77.7
B E TL E Y  M ERE 26-Aug-97 12:07 TO P  1 0.8 6.667 LoD 10 62.3
B E TL E Y  MERE 26-Aug-97 12:20 TO P  2 0.8 6.667 LoD 5 29.6
B E TL E Y  MERE 
B E TL E Y  M ERE 
B E TL E Y  M ERE 
B E TL E Y  M ERE
26-Aug-97
26-Aug-97
26-Aug-97
26-Aug-97
12:30
12:08
12:21
12:31
TO P  3 
BOTTOM  1 
BO TTO M  2 
BO TTO M  3
0.6 6.667 LoD 8 30.8
OAK M E R E Og-Oct-97 11:30 TO P  1 1.1 6.667 LoD 6 8.03
OAK M ERE 09-Oct-97 11:50 TO P  2 0.5 6.667 LoD 5 32.5
OAK M ERE 
O AK  M ERE 
OAK M ERE 
OAK M ERE
09-Oct-97
09-Oct-97
09-Oct-97
09-Oct-97
12:02
11:31
11:51
12:03
TO P  3 
B O T 1 
B O T 2 
B O T 3
1 6.667 LoD 6 12.1
M ARBURY BIG M E R E 10-Oct-97 11:00 TO P  1 0.5 6.667 LoD 10 63.7
M ARBURY BIG MEREIO-Oct-97 11:18 TO P  2 0.5 6.667 LoD 9 64.5
MARBURY BIG 
MARBURY BIG 
MARBURY BIG 
MARBURY BIG
MEREIO-Oct-97
MEREIO-Oct-97
MEREIO-Oct-97
MEREIO-Oct-97
11:32
11:01
11:19
11:33
TO P  3 
BOT1 
B O T 2
B O T 3
0.5 6.667 LoD 10 71.3
B E TL E Y  M ERE IO-Oct-97 13:47 TO P  1 1 6.667 LoD 3 13.4
B E TL E Y  M ERE 10-Oct-97 14:05 T O P  2 1 6.667 LoD 6 19.1
B E TLE Y  MERE 
B E TLE Y  M ERE 
B E TL E Y  M ERE 
B E TLE Y  MERE
IO-Oct-97 
10-Oct-97 
10-Oct-97 
IO-Oct-97
14:15
13:48
14:06
14:16
TO P  3 
B O T 1 
B O T 2 
B O T 3
1 6.667 LoD 2 LoD 7.03
Pheaophytin T o t  P Nitrate Nitrite Ammonia ortho-P Silicate
H9'l pg/i pg/i MS/1 pg/l P3/1 pg/i
0.267 LoD 491 886 54.2 29.9 370 7335
0.267 LoD 471 853 49 23 385 7354
0.267 LoD 479 796 51.5 23.5 365 7258
491 930 54.1 42.9 360 7244
477 817 47 42.6 361 7325
477 899 52.1 28 374 7218
0.267 LoD 77 1892 53.1 80.7 8.1 1934
2.5 71 19.8 53.9 72.8 15.8 1963 •
0.267 LoD 74 1971 53.6 110 21.4 1985
251 2366 48.1 465 166 2480
111 2247 51.2 308 48 2237
569 1443 144 1221 430 4043
2 46 76.67 LoD 0.333 LoD 59 28.3 81
3.75 47 76 LoD 0.333 LoD 52.7 26.1 94.6
2.59 41 80.67 LoD 0.17 62.7 27.1 82.1
79 90.67 LoD 0.333 LoD 219 48.7 212
48 76 LoD 0.333 LoD 53.7 28.2 84.9
45 75.34 LoD 0.43 64.5 33.4 151
4 68 5.4 0.84 21.8 42.5
5.82 71 2 LoD 0.16 14.8 46.7
3.61 68 2 LoD 1.67 22.7 47
74 55.8 0.36 117 65.2
75 2 LoD 0.51 45.3 49.8
77 4.6 0.37 46 70.9
31.4 76 2.67 1.68 30.8 72.9 3330
30.4 89 5.1 1.61 30.5 74.6
20.9 92 4 1.24 30.3 76.6 3480
621 24.9 21.4 2212 496
1270 7.6 5.14 8382 1668 3470
670 98 12 2296 567
20.9 1610 2 2.08 39.4 1520 11330
12.9 1540 35.6 7.77 55.6 1490 12190
13 1460 235 50.7 236 1430 10370
1620 7.44 2.66 50.1 1530 11400
1490 51.6 8.93 71 1480 11980
1450 228 50.1 217 1430 10460
5.21 82 438 0.333 LoD 63.2 84.4 66.67 LoD
15.1 86 148 0.333 LoD 59.7 71.5 44.8
5.81 89 138 0.333 LoD 5.8 59.2 72.2
82 146 0.333 LoD 40.3 74.6 43.4
79 115 LoD 0.333 LoD 11.2 62.1 80.8
84 148 LoD 0.333 LoD 40.5 60.4 93.8
49.3 392 196 29.5 1021 396 5440
38.5 440 182 29.1 1204 414 5470
45.5 435 165 27.6 1115 382 5500
398 204 30.5 989 362 5420
447 185 29.7 1253 432 5530
442 181 30 1204 398 5580
11.8 1440 100 14.3 108 1366 5840
12 1390 128 13.9 90.6 1357 5740
1320 304 23.6 75 1277 4170
1430 96.7 15.3 111 1386 5900
1390 126 14.1 90.6 1266 5635
1320 301 23.4 65.9 1239 4140
A P P E N D I X  C
Phytoplankton Numbers Oak Mere 1997 Page 1 of 1
S i t e D a t e
O a k  M e r e 09/10/97 09/10/97 09/10/97
/ 2 3
C Y A N O B A C T E R IA C oelosphaerium  sp.* 165 120 210
Sub-Total 165 120 210
C H L O R O P H Y C E A E S tau rastrum  anatinum 80 130 140
S tau rastrum  p lancton icum 40 60 20
S tau rastrum  sp. 40 20
C hlo rella  vu lgaris 5 10 5
Scenedesm us q u ad ricau d a 5
T etraedron  sp. 5
C losterium  ac icu la re 5
C losterium  sp. 10
Sub-Total 180 225 170
B A C IL L A R IO PH Y C E A E N itzschia  ac icu la ris 5
F ru s tu lia  vu lgaris 20 5
C yclotella  sp. 5
S tephanodiscus a s tra e a 5
S ynedra u lna 5
C occoneis p lac e n tu la 10
Sub-Total 25 20 10
G rand Total 370 365 390
* large co lon ies o f  b lue-green  algae sim ilar to G om phosphaeria
Phytoplankton N um be rs Betley M ere 1997 P a ge  1 of 1
Site Date
B etley  M ere 10/10/97 10/10/97. 10/10/97
1 2 3
CHLOROPHYCEAE Pediastrum duplex 10
Chlorella vulgaris 40 20 30
Scenedesmus quadricauda 10
Closterium aciculare 10
Eudorina elegans 10
Sub-Total 60 30 40
BACILLARIOPHYCEAE Nitzschia acicularis 10
Frustulia vulgaris 20
Cyclotella sp. 10
Cocconeis placentula 30 50
Navicula sp. 30
Cymbella sp. 10 20
Sub-Total 40 . 80 60
CRYPTOPHYCEAE Cryptomonas ovata 580 290 70
Cryptomonas sp. 60 100 60
Rhodomonas minuta 40 40 10
Sub-Total 680 430 140
Grand Total 780 540 240
Phytoplankton are in cells/colonies prm
Phytoplankton Numbers Marbury Mere 1997 Page 1 of 1
Site Date
Marbury M ere 10/10/97 10/10/97 10/10/97
1 2 3
CYANOBACTERIA Aphanizomenon flos-aquae* 2685 1320 1410
Anabaena circinalis* 20 30
Anabaena flos-aquae* 185 60
Oscillatoria agardhii* 530 150 170
Oscillatoria redekii* 5
Oscillatoria sp. * 30
Sub-Total 3425 1470 1670
CHLOROPHYCEAE Chlorella 'vulgaris 50
Scenedesmus quadricauda 10 10 10
Closterium aciculare 20 10 10
Closterium parvulum 10
Closterium sp. 10
Sub-Total 30 20 90
XANTHOPHYCEAE Tribonema sp.* 340 260 420
Sub-Total 340 260 420
BACILLARIOPHYCEAE Cyclotella sp. 10
Aulacoseira granulata 50
Stephanodiscus astraea 10
Stephanodiscus sp. 5
Cocconeis placentula 10
Sub-Total 15 60 10
CRYPTOPHYCEAE Cryptomonas ovata 10
Sub-Total 0 10 0
Grand Total 3810 1820 2190
Phytoplankton are in cells/co onies per ml
* Measured in filaments per ml
APPENDIX D Sheetl
Mean numbers m-2 of macroinvertebrates in different zones in three meres (x=recorded)
Betley Marbury Oakmere
Emergent Veg. Submerged Veg. Vegetation Open Water Emergent Veg. Submerged Veg. Stones
Coelenterata
Hydra sp. 0.26 2.52
Platyhelminthes
Polycelis nigra 42.52
Mollusca
Lymnaea stagnalis 0.4
Planorbis leucostoma 0.4
Planorbis planorbis 0.4
Planorbis crista 0.33
Annelida
Theromyzon tessulatum 0.8 0.53
Piscicola geometra 0.8 0.33
Glossiphonia complanata 0.33
Erpobdella octoculata 0.8 0.33
Helobdella stagnalis 0.4 5.2 0.33
Oligochaeta . 0.8 3.33 4.26 0.76 0.26 1
Crustacea
Cragonyx pseudogracilis 17.2 0.8 3.66 3.46
Asellus aquaticus 9.6 10.8 10.64 13.3
Asellus meridianus 0.4 2
Araneae
Argyroneta aquatica 0.27 1
Hydracarina
Hydrachnellae 0.26 10
Insecta
Ephemeroptera
Leptophlebia vespertina 2.5 1
Cloeon dipterum 49.6 70 9.98 0.53
Caenis horaria 5.32 3.19
Odonata
Coenagrion puella 0.4 .4.8 0.26 6.76
Enallagma cyathigerum 1.6 ‘
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Betley Marbury Oakmere
Emergent Veg. Submerged Veg. Vegetation Open Water Emergent Veg. Submerged Veg. Stones
Erythromma najas 0.8 '  1.2
Hemiptera
Notonecta glauca 0.8
Micronecta scholtzi 1.06
Sigara falleni 41.6 30 4.99
Sigara dorsalis 2 4
Sigara concinna 2.66
Sigara distincta 2.4 0.33
Callicorixa praeusta 34.8 13.6
Corixa punctata 1.2
Corixa dentipes 0.4
Cymatia coleoptrata 3.6
Trichoptera
Leptoceridae 0.26 0.26 29.44
Holocentropus dubius 0.26
Cymus trimaculatus 0.8
Coleoptera
Coelambus confluens 0.33
Oulimnius troglodytes 1.26 11.76 104.52
Cercyon marinus 0.26 , 0.5
Hygrotus inaequalis 0.26
Laccobius minutus 0.26
Hygrobia hermanni 0.4
Chironomidae X X X 4.52 0.52
Ceratopogonidae 0.5 0.26 0.52
savage/betmar.xls
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Appendix 1 Depth Profile Information
Fig.3 Vertical echogram of transects showing position of waypoints 1-5
Appendix 2- Target strength: Fork length relationship
(After Hughes 1995) Based on a mixed coarse fishery of the River Thames) Where FL(mm)-= 
1.1 * (10A((TS+123)/38.2)) Using a 420 kHz dual beam transducer in side aspect.
Target Strength (-dB) Fish Length (cm)
50 8.96
47 10.74
44 12.87
41 15.42
38 18.47
35 22.13
32 26.52
29 31.78
26 38.08
23 45.62
20 54.67 -
17 65.5
Jon Hillary, Fisheries, Environm ent Agency N orthw est - W arrington
Appendix 3 - Glossary of terms
Transducer
Echo sounder
Echogram
Single target
Target strength (TS)
No. o f traces found 
Volume density f/100m3 
Area density (trace)
Area density (f/h) 
sa.
sa.(tr)
sv
sv (tr)
Trace
Device for transmitting sound pulses (pings) and receiving 
reflected echos.
Device for controlling the characteristics o f transmitted sound 
and transducer and returning echos
Pictorial representation of acoustic data collected in descrete period 
set by number o f pings, time, or amount o f data.
A single fish detected due to good separation form other fish in the 
water column
The reflected echo strength from a single fish in decibels (dB)
The strength of the signal relates to the size of the fish ,
The number of fish that could be identified as single targets
Estimate of the total number of fish per 1000m3 of water
A minimum estimate of fish density (in units of number o f fish per 
hectare) This value is based on the detection o f targets which the 
echosounder could identify as separate fish, those fish that were too 
close together are not counted here.
Estimated total fish density (fish per hectare). This is calculated by 
a process of echo integration. The target strength o f those fish that 
were detected as single targets are used are used to calculate total 
fish density, i.e. this includes those fish that could not be separated 
as single targets.
Total area back-scatering coefficient (Sa in dB)
"Relative energy received from all echos by area"
Sa/sa for traces only, the area back-scatering coefficient for 
accepted single targets
"Energy received from single fish targets by area"
Sv/sv total, volume back-scattering strength (Sv in dB)
"Relative energy received from all echos by volume"
Sv/sv for traces only, volume back-scattering strength for accepted 
single targets
Accepted single target
Jon Hillary, Fisheries, Environm ent Agency N orthw est - Warrington
